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ABSTR ACT
PURPOSE: We examined the cross-sectional association between lung function and metabolic syndrome (MetS), independent of fasting immunoreactive 
insulin (F-IRI). 
METHODS: A total of 3,072 middle-aged, apparently healthy subjects who participated in a general health check-up were included. Lung function, 
which was expressed as forced vital capacity (%FVC predicted) or forced expiratory volume in 1 second (FEV1% predicted) was examined. Multivariable 
logistic regression analysis was performed to assess the association between lung function and MetS.
RESULTS: Men with the lowest quartile of FVC% predicted, or those with the lowest quartile of FEV1% predicted, had a 3.5-fold or 2.6-fold increased 
risk of MetS, respectively, compared with those with the highest quartile of FVC% predicted or FEV1% predicted. F-IRI had a positive, significant, and 
independent association with MetS in both sexes. 
CONCLUSION: Impaired lung function increased the risk of MetS, independent of F-IRI and smoking in men, but not in women.
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Metabolic syndrome (MetS) is a condition clustered with 
abdominal obesity, elevated glucose and blood pressure, and 
dyslipidemia. It is closely associated with the development of 
type 2 diabetes and cardiovascular disease (CVD).1,2 However, 
the mechanisms involved in the pathways of MetS have not yet 
been completely clarified. There are controversies surrounding 
whether obesity or insulin resistance causes MetS, or whether 
all of these are consequences of inflammation.3,4
On the other hand, reduced lung function is indepen-
dently associated with MetS,5 and impaired lung function 
exists before the development of MetS.6 So, reduced lung 
function and MetS may share the common pathophysiologi-
cal grounds. However, to our knowledge, no studies have 
examined the association between lung function and MetS 
while taking into account insulin concentrations. This study 
has investigated the cross-sectional association between lung 
function and MetS, independent of fasting insulin concentra-
tions, among apparently healthy Japanese men and women.
Materials and Methods
Subjects. The Kurihashi Lifestyle Cohort Study com-
prises a total of 7,363 subjects enrolled in a general health 
examination program at Saitama-ken Saiseikai Kurihashi 
Hospital (Saitama, Japan) from October 2006 to September 
2007. For the current analysis, the following criteria were 
used for excluding individuals: missing data on spirometry 
(n  =  4,677) or fasting insulin concentrations (n  =  3,780); 
 having cancer, endocrine, respiratory, or congestive heart 
disease (n = 172); a diagnosis of diabetes (n = 39); currently 
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under pharmacological treatments for hypertension (n = 421) 
or  dyslipidemia (n = 90); and missing data on relevant covari-
ates (n = 40). Because pharmacological treatments for hyper-
tension, dyslipidemia, and diabetes probably influence insulin 
sensitivity, the patients who had been treated by medications 
for hypertension, dyslipidemia, and diabetes were excluded, 
and the remaining 2,020 men and 1,052 women were used for 
the current data analysis.
Methods. The health check examination of this study 
includes self-administrated questionnaires regarding smoking 
(never = 0; otherwise, pack-years of cigarettes in ever-smokers 
were determined) and alcohol intake (never, occasionally, and 
regularly); physical activity during leisure time (sedentary, 
occasionally, active); a family history of diabetes (yes or no); as 
well as physical examinations, biochemical tests, chest X-rays, 
and electrocardiograms.
Venous blood samples were collected in the morning 
after an overnight fasting state for more than 10 hours.  Fasting 
plasma glucose (FPG) (glucose oxidase method),  fasting 
immunoreactive insulin (F-IRI) (enzyme immunoassay 
method), triglycerides (TG) (enzymatic method), and high-
density  lipoprotein cholesterol (HDL-C) (direct method) were 
measured in the commercial laboratory. The intraassay coeffi-
cient of variation for FPG, F-IRI, TG, and HDL at values of 
5.33 mmol/L, 7.6 μU/mL, 0.44 mmol/L, and 0.90 mmol/L 
was 2.0%, 3.4%, 1.3%, and 1.1%, respectively. The corre-
sponding values for the interassay coefficient of variation was 
0.0%, 2.1%, 0.3%, and 0.4%, respectively.
Systolic blood pressures (sBP) and diastolic blood pres-
sures (dBP) were measured with patients in the sitting position 
after a 5-minute rest using an automated device (OMRON, 
Kyoto, Japan). Waist circumference (Wc) was measured at 
the level of umbilicus at the end of the expiration of a normal 
breath, and with the subject in a standing position.
The International Diabetes Federation’s definition of 
MetS (IDF-MetS)7 was modified and used to identify sub-
jects with MetS in the current study: those with central 
obesity (defined as Wc 90 cm for men and 80 cm for 
women in Japan); and those with any two of the follow-
ing four  factors − 1) raised TG: 1.7 mmol/L; 2) reduced 
HDL: 1.03 mmol/L in men and 1.29 mmol/L in women; 
3) raised BP: sBP  130 mmHg or dBP  85 mmHg; and 
4) raised FPG  5.6 mmol/L.
The pack-years of cigarettes were calculated using the 
Brinkman index, which is defined as the number of cigarettes 
smoked ⋅ day-1 × number of years smoked (to convert to pack-
years, divide by 20).
Lung function. Lung function tests were carried out in 
every participant by an experienced technician using a spi-
rometer (HI-701; CHEST, Tokyo, Japan). The crude data on 
forced vital capacity (FVC) or forced expiratory volume in 
1 second (FEV1) were divided by predicted FVC or predicted 
FEV1, respectively, to yield FVC% predicted and FEV1% 
 predicted. The predicted FVC or predicted FEV1 for men were 
calculated by the formula designed for Japanese individuals by 
the Japanese Respiratory Society8: 
 
FVC (L) = 0.045 × height (cm) - 0.023 × age - 2.258, 
FEV1 (L) = 0.036 × height (cm) - 0.028 × age - 1.178,
 (1)
and for women8: 
 
FVC (L) = 0.032 × height (cm) - 0.018 × age - 2.258,  
FEV1 (L) = 0.022 × height (cm) - 0.022 × age - 0.005.
 (2)
The FVC% predicted and FEV1% predicted were strati-
fied by quartiles in men and women, respectively, and they 
were used in the logistic regression analysis described in the 
following section.
Statistical analysis. Statistical analyses were performed 
and reported separately for men and women. The chi-squared 
test was used to compare proportions, and Student’s t-test was 
used to compare means between independent two groups.
The potential relationship between lung function (FVC% 
predicted, FEV1% predicted) and F-IRI, as well as variables 
defining modified IDF-MetS (FPG, BPs [sBP, dBP], lip-
ids [TG, HDL-C]) was investigated by univariate linear 
regression analysis. As for TG or F-IRI, log transformed 
values were used to obtain the values that follow a normal 
distribution. Next, variables independently associated with 
lung function were analyzed by multivariable linear regres-
sion analysis. The independent variables used in the analysis 
included pack-years of cigarettes and menopause status (only 
for women). Further additional adjustment for F-IRI was 
performed to assess whether the association between lung 
function and identified variables was independent from the 
F-IRI concentrations.
The logistic regression analysis was performed to assess 
what factors, including lung function, related to the presence 
of the modified IDF-MetS. The variables that were identi-
fied as significant in the univariate model were included in 
the multivariable logistic regression model. The independent 
variables used in the analysis included age (continuous), pack-
years of cigarettes (continuous), physical activity during leisure 
time (categorical), alcohol habits (categorical), F-IRI (continu-
ous), FVC% predicted (continuous), FEV1% predicted (con-
tinuous), and (in women only) menopause status (categorical). 
The unadjusted and adjusted odds ratios (ORs) and their 95% 
confidence intervals (CIs) for the presence of modified IDF-
MetS were calculated and reported.
The Kurihashi Lifestyle Cohort Study was approved 
by the Institutional Review Board of Saitama-ken Saiseikai 
Kurihashi Hospital (Saitma, Japan), as well as Tokyo  Women’s 
Medical University (Tokyo, Japan), and written informed 
consent was obtained from the participants.
Data were analyzed with the SPSS statistical package 
for Windows version 21.0 (IBM Corporation, Armonk, NY, 
USA). P-values were based on two-sided tests, and the cut-off 
point for statistical significance was P  0.05.
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Results
Characteristics of study subjects. The participants’ 
mean age was 50 ± 8 years and the mean body mass index 
was 23.2 ± 3.1 kg/m2. The mean FVC% predicted and FEV1% 
predicted were 108% ± 14% and 100% ± 14%, respectively 
(Table  1). Men had significantly worse cardiovascular risk 
profiles and lower FVC% predicted or FEV1% predicted than 
women (Table 1). The proportion of men and women with 
the modified IDF-MetS was 12.9% and 10.6%, respectively.
Lung function and variables related to modified IDF-
MetS. The univariate linear regression analysis showed a sig-
nificant effect of lung function either on the components of 
modified IDF-MetS and on F-IRI in men (Table 2). The com-
ponents of the modified IDF-MetS deteriorated and F-IRI 
increased with declining lung function (Table 2). In women, 
the significant association was shown between FVC% pre-
dicted and FPG, sBP, and F-IRI, and between FEV1% pre-
dicted and HDL-C (Table 2).
The multivariable linear regression analysis showed that 
the relationship between FVC% predicted and the compo-
nents of modified IDF-MetS remained significant after adjust-
ing for smoking (pack years of cigarettes) in men (Table  3). 
However, this significant association remained only for FPG 
and sBP, after making an additional adjustment for F-IRI. The 
 relationship between FEV1% predicted and Wc or HDL-C 
remained  significant after additional adjustment for smok-
ing (pack-years of cigarettes) and F-IRI in men (Table 3). In 
women, the association between FEV1% predicted and sBP 
remained as significant after adjusting for smoking (pack-years 
of cigarettes), menopause, and F-IRI (Table 3).
Lung function and the modified IDF-MetS. The uni-
variate logistic regression analysis showed that smoking (pack-
years of cigarettes), physical activity at leisure time, F-IRI, and 
lung function (FVC% predicted and FEV1% predicted) had 
significant association with the presence of the modified IDF-
MetS in men (Table  4). In women, age, menopause, F-IRI, 
FVC% predicted, and FEV1% predicted had a significant asso-
ciation with modified IDF-MetS (Table 4).
The multivariable logistic regression analysis showed that 
smoking (pack-years of cigarettes), F-IRI, and FVC% predicted 
or FEV1% predicted had a significant and independent asso-
ciation with the presence of the modified IDF-MetS in men 
(Table 5). Men with the lowest quartiles of FVC% predicted 
or of FEV1% predicted had a 1.92-fold or 1.58-fold increased 
risk of modified IDF-MetS compared with those with the 
highest quartiles of FVC% predicted or of FEV1% predicted 
(Table  5). In women, menopause and F-IRI had a positive 
and  independent association with the presence of the modi-
Table 1. Characteristics of men and women analyzed for the study.
TOTAL MEN WOMEN P-VALUE*
number 3,072 2,020 1,052
age (years) 50 ± 8 50 ± 9 50 ± 8 0.811
Body mass index (k/m2) 23.2 ± 3.1 23.7 ± 3.1 22.2 ± 3.1 0.001
Waist circumference (cm) 83.4 ± 8.6 85.2 ± 7.9 79.9 ± 8.7 0.001
Fasting plasma glucose (mmol/l) 5.1 ± 3.1 5.2 ± 0.6 4.9 ± 0.5 0.001
Triglyceride (mmol/l) 1.24 ± 0.80 1.37 ± 0.88 0.99 ± 0.53 0.001
Hdl-cholesterol (mmol/l) 1.49 ± 0.38 1.39 ± 0.36 1.73 ± 0.38 0.001
systolic blood pressure (mmHg) 123 ± 16 124 ± 15 120 ± 16 0.001
diastolic blood pressure (mmHg) 77 ± 12 79 ± 12 72 ± 11 0.001
Fasting immunoreactive insulin (μU/ml) 6.31 ± 3.85 6.65 ± 4.12 5.66 ± 3.15 0.001
Lung function
FVC (l) 3.61 ± 0.80 4.00 ± 0.65 2.87 ± 0.46 0.001
FeV1 (l) 2.86 ± 0.66 3.15 ± 0.58 2.32 ± 0.42 0.001
FVC% predicted 108 ± 14 107 ± 14 110 ± 14 0.001
FeV1% predicted 100 ± 14 99 ± 13 103 ± 14 0.001
Current smoker (%) 28.3 38.3 9.0 0.001
smoking (pack-years of cigarettes) 39 ± 26 40 ± 26 22 ± 17 0.001
physically inactive at leisure time (%) 19.3 20.2 18.3 0.001
**Modified IDF-MetS (%) 12.1 12.9 10.6 0.062
data are presented as the mean ± sd. *Men versus women. 
**Central obesity (defined as Wc  90 cm for men and 80 cm for women in Japan) and any two of the following four factors: 1) raised TG: 1.7 mmol/l; 2) reduced 
Hdl: 1.03 mmol/l in men and 1.29 mmol/l in women; 3) raised blood pressure: systolic blood pressure 130 mmHg or diastolic blood pressure 85 mmHg;  
4) raised fasting plasma glucose 5.6 mmol/l.
Abbreviations: FeV1, forced expiratory volume in 1 second; FVC, forced vital capacity; Hdl, high-density lipoprotein; idF-Mets, international diabetes 
Federation—Metabolic syndrome.
Yamamoto et al
4 Japanese CliniCal MediCine 2014:5
Table 2. Univariate linear regression analysis for variables related to metabolic syndrome from FVC% predicted or FeV1% predicted as 
independent variables.
DEPENDENT VARIABLES FVC% PREDICTED FEV1% PREDICTED
β P-VALUE β P-VALUE
Men
Waist circumference -0.060 0.001 -0.089 0.001
Fasting plasma glucose -0.005 0.001 -0.030 0.120
systolic blood pressure -0.116 0.001 -0.054 0.036
diastolic blood pressure -0.043 0.032 -0.032 0.113
log transformed triglyceride -0.005 0.001 -0.002 0.001
Hdl-cholesterol 0.003 0.001 0.005 0.001
log transformed F-iRi -0.003 0.001 -0.003 0.001
Women
Waist circumference -0.026 0.175 -0.015 0.446
Fasting plasma glucose -0.002 0.049 0.033 0.139
systolic blood pressure -0.145 0.001 -0.026 0.465
diastolic blood pressure -0.049 0.053 -0.034 0.182
log transformed triglyceride -0.001 0.059 -0.001 0.237
Hdl-cholesterol 0.001 0.084 0.002 0.023
log transformed F-iRi -0.001 0.002 -0.004 0.092
Abbreviations: FeV1, forced expiratory volume in 1 second; FVC, forced vital capacity; Hdl, high-density lipoprotein; F-iRi, fasting immunoreactive insulin.
Table 3. Multivariable linear regression analysis to predict variables related to metabolic syndrome from FVC% predicted or FeV1% predicted as 
independent variables.
DEPENDENT VARIABLES FVC% PREDICTED FEV1% PREDICTED
β P-VALUE β P-VALUE
Men
Waist circumference Model 1 -0.055 0.001 -0.082 0.001
Model 2 0.004 0.722 -0.025 0.020
Fasting plasma glucose Model 1 -0.005 0.001 – –
Model 2 -0.002 0.025 – –
systolic blood pressure Model 1 -0.111 0.001 -0.048 0.073
Model 2 -0.069 0.007 – –
diastolic blood pressure Model 1 -0.041 0.042 – –
Model 2 -0.008 0.697 – –
log transformed triglyceride Model 1 -0.001 0.001 -0.002 0.001
Model 2 -0.0005 0.133 -0.001 0.091
Hdl-cholesterol Model 1 0.003 0.001 0.005 0.001
Model 2 0.001 0.126 0.003 0.001
log transformed F-iRi Model 1 -0.003 0.001 -0.003 0.001
Women
Fasting plasma glucose Model 1 0.0005 0.744 – –
systolic blood pressure Model 1 -0.092 0.025 – –
Model 2 -0.084 0.031 – –
Hdl-cholesterol Model 1 – – 0.0005 0.628
Model 2 – – – –
log transformed F-iRi Model 1 -0.0004 0.526 – –
Model 1: adjustment was made for smoking, FVC% predicted, or FeV1% predicted, and menopause (only for women).
Model 2: Model 1 with an additional adjustment for log transformed F-iRi.
Abbreviations: FeV1, forced expiratory volume in 1 second; FVC, forced vital capacity; Hdl, high-density lipoprotein; F-iRi, fasting immunoreactive insulin. 
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fied IDF-MetS. However, either FVC% predicted or FEV1% 
 predicted did not have a statistically significant association with 
the presence of the modified IDF-MetS (Table 5).
Discussion
The cross-sectional association between lung function and 
MetS has been previously reported in men and women.5,9-12 
However, it was unknown whether this association occurred 
independently of F-IRI concentrations. In the current study, 
the risk of modified IDF-MetS increased with the reduction 
of lung function, independently of F-IRI and smoking in 
apparently healthy Japanese men, but not in women.
MetS had an association with lung dysfunction9-12 in a 
particularly restrictive pattern, exhibiting an FVC  80% of 
Table 4. Univariate logistic regression analysis predicting the presence of modified IDF–metabolic syndrome.




age (1 year) 1.00 (0.98–1.01) 0.833
smoking (100 pack-years of cigarettes) 1.06 (1.02–1.10) 0.001
Physical activity at leisure time
sedentary versus occasionally 0.75 (0.56–0.99) 0.044
sedentary versus regularly 0.53 (0.36–0.79) 0.002
Alcohol
never versus occasionally 1.40 (0.71–2.77) 0.336
never versus regularly 1.21 (0.61–2.40) 0.588
log transformed F-iRi (1 sd) 3.43 (2.89–4.06) 0.001
FVC% predicted
1st Q versus 4th Q 3.47 (2.30–5.23) 0.001
2nd Q versus 4th Q 2.32 (1.51–3.56) 0.001
3rd Q versus 4th Q 1.61 (1.03–2.52) 0.039
FEV1% predicted
1st Q versus 4th Q 2.63 (1.79–3.87) 0.001
2nd Q versus 4th Q 1.61 (1.07–2.42) 0.023
3rd Q versus 4th Q 1.33 (0.87–2.03) 0.186
Women
age (1 year) 1.06 (1.04–1.09) 0.001
smoking (100 pack-years of cigarettes) 1.01 (0.86–1.20) 0.876
Physical activity at leisure time
sedentary versus occasionally 0.94 (0.62–1.43) 0.775
sedentary versus occasionally 0.71 (0.37–1.34) 0.292
Alcohol
never versus occasionally 0.69 (0.31–1.52) 0.356
never versus regularly 1.31 (0.46–3.74) 0.618
Menopause (yes) 2.87 (1.70–4.87) 0.001
log transformed F-iRi (1 sd) 4.31 (3.31–5.61) 0.001
FVC% predicted
1st Q versus 4th Q 2.81 (1.59–5.32) 0.001
2nd Q versus 4th Q 1.69 (0.89–3.24) 0.111
3rd Q versus 4th Q 1.78 (0.94–3.39) 0.079
FEV1% predicted
1st Q versus 4th Q 1.87 (1.06–3.29) 0.030
2nd Q versus 4th Q 1.58 (0.89–2.83) 0.120
3rd Q versus 4th Q 0.98 (0.52–1.85) 0.959
Abbreviations: F-iRi, fasting immunoreactive insulin; Q, quartiles; sd, standard deviation.
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Table 5. Multivariable logistic regression analysis predicting the presence of modified IDF-metabolic syndrome.




Model 1 smoking (100 pack-years of cigarettes) 1.06 (1.02–1.10) 0.005
Physical activity
sedentary versus occasionally 0.85 (0.62–1.17) 0.311
sedentary versus regularly 0.72 (0.46–1.13) 0.151
log transformed F-iRi (1 sd) 3.28 (2.74–3.91) 0.001
FVC% predicted
1st Q versus 4th Q 1.92 (1.22–3.04) 0.005
2nd Q versus 4th Q 1.62 (1.01–2.58) 0.045
3rd Q versus 4th Q 1.24 (0.76–2.02) 0.391
Model 2 smoking (100 pack-years of cigarettes) 1.06 (1.02–1.10) 0.006
Physical activity
sedentary versus occasionally 0.84 (0.61–1.16) 0.297
sedentary versus regularly 0.72 (0.46–1.13) 0.152
log transformed F-iRi (1 sd) 3.36 (2.81–4.01) 0.001
FEV1% predicted
1st Q versus 4th Q 1.58 (1.02–2.46) 0.041
2nd Q versus 4th Q 1.36 (0.87–2.14) 0.182
3rd Q versus 4th Q 1.33 (0.83–2.11) 0.233
Women
Model 1 age (1 year) 1.01 (0.96–1.07) 0.605
Menopause (yes) 2.75 (1.20–6.32) 0.017
log transformed F-iRi (1 sd) 4.57 (3.25–6.43) 0.001
FVC% predicted
1st Q versus 4th Q 1.74 (0.78–3.87) 0.173
2nd Q versus 4th Q 1.24 (0.53–2.92) 0.626
3rd Q versus 4th Q 1.27 (0.56–2.89) 0.566
Model 2 age (1 year) 1.02 (0.97–1.07) 0.523
Menopause (yes) 2.73 (1.18–6.31) 0.019
log transformed F-iRi (1 sd) 4.74 (3.35–6.69) 0.001
FEV1% predicted
1st Q versus 4th Q 1.30 (0.58–2.90) 0.523
2nd Q versus 4th Q 1.62 (0.74–3.53) 0.226
3rd Q versus 4th Q 0.51 (0.21–1.26) 0.144
Abbreviations: F-iRi, fasting immunoreactive insulin; Q, quartiles; sd, standard deviation.
the predicted value and an FEV1-to-FVC ratio 0.7. Due to 
a very small number of cases with serious lung impairments 
(the proportion of people with an FVC  80% was 8.4% and 
that with an FEV1-to-FVC ratio 0.7 was 6.8%), we could 
not analyze our data in the same manner as was conducted 
in  previous studies.9-12 Nevertheless, lung dysfunction with 
restrictive, rather than obstructive, patterns seemed to have 
stronger associations with modified IDF-MetS in our study, 
although the reason for this was not known.
Lung dysfunction has also been reported as a risk fac-
tor for developing diabetes,13 hypertension,14 and CVD15 in 
 prospective studies. These associations may be partly explained 
by the adverse effect associated with lung volumes and com-
pliance due to obesity,5,9,10 systemic inflammation,16,17 insulin 
resistance,18 and adverse early-life exposures.19 Leone et  al20 
have reported that the association between lung dysfunction 
and MetS based on the definition according to the American 
Heart Association/National Heart, Lung, and Blood Institute 
(in which abdominal obesity accounts for three of five compo-
nents of MetS) was predominantly due to abdominal obesity.21 
In the current study, abdominal obesity, which is the essential 
component of IDF-MetS, was  independently  associated with 
Lung function, insulin and metabolic syndrome 
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lung function, and lung function was  independently associated 
with modified IDF-MetS in men. These findings might be a 
reflection of the fact that obesity leads to a decrease in chest 
wall compliance and an increase in peripheral airway resis-
tance. Systemic inflammation markers such as C-reactive pro-
tein (CRP), leukocytes, and fibrinogen were associated with 
lung dysfunction,16,22,23 while biomarkers of inflammation and 
endothelial dysfunction have been associated with MetS.22,23 
Moreover, elevated serum leptin levels are reported in subjects 
of normal body weight with impaired lung  function,24 and this 
would promote inflammation. Alternatively, the decreased 
skeletal muscle strength leads to a decline in lung function and 
an increase in insulin resistance, because skeletal muscles play 
an important role in insulin-mediated glucose disposal.25
In contrast to Japanese men, almost no association was 
shown between lung function and the components of MetS, 
including Wc, in Japanese women. There may be a  difference 
in the way that the distribution of fat affects the thoracic 
mechanics in men when compared to women.26 Women 
develop peripheral adiposity more often, whereas men are more 
prone to central obesity.27 Visceral fat is an important source 
of free fatty acids and inflammatory mediators that affect 
hepatic glucose and fat metabolism, and it likely contributes 
to the development of hepatic insulin resistance.28 In women, 
body fat distribution shift to a more male pattern following 
menopause. Since both pre- and postmenopause women were 
included in our study, women with various patterns of adipos-
ity were included, and this may have influenced our results. 
Moreover, the sex hormone, estrogen, may influence the asso-
ciation between lung function and MetS in women.
The strength of the study is that the association between 
lung function and MetS together with F-IRI was evaluated 
in both men and women, separately. In addition, we used 
predicted FVC% and FEV1% with the formula defined by 
the Japan Respiratory Society.8 Since we repeated the same 
analysis using the international formula for the predicted 
FVC as well as for the FEV1, according to Baldwin et  al29 
and Berglund et  al,30 our results did not change. There are 
several limitations. First, there was selection bias since not all 
participants had data pertaining to lung function and F-IRI. 
As shown in Table 6, the individuals analyzed in the study 
were older but had healthier CVD risk profiles than those 
who were not  analyzed in the study. Thus, our results should 
be carefully generalized to the broader population. Second, as 
discussed above, elevated CRP (as a marker of inflammation) 
is associated with lung dysfunction, insulin resistance, and 
MetS.22,23 However, we were unable to assess this relationship 
due to a lack of data for CRP in our study. Third, although 
Table 6. Comparison of characteristics between individuals who were analyzed and not analyzed in the study.
INDIVIDUALS ANALYZED  
IN THE STUDY
INDIVIDUALS NOT  
ANALYZED IN THE STUDY
P-VALUE
Men number 2,020 2,344
age (years old) 50 (9) 49 (12) 0.001
Body mass index (kg/m2) 23.7 (3.1) 23.9 (3.3) 0.052
Waist circumference (cm) 85.0 (7.9) 86.0 (8.5) 0.063
systolic blood pressure (mmHg) 124 (16) 128 (17) 0.001
diastolic blood pressure (mmHg) 80 (13) 80 (13) 0.752
Trigyceride (mmol/l) 1.39 (0.88) 1.50 (1.09) 0.001
Hdl-cholesterol (mmol/l) 1.42 (0.36) 1.42 (0.39) 0.610
Fasting plasma glucose (mmol/l) 5.28 (0.67) 5.72 (1.67) 0.001
Current smoker (%) 38.5 41.5 0.043
Women number 1,052 1,947
age (years old) 50 (9) 45 (13) 0.001
Body mass index (kg/m2) 22.3 (3.1) 22.2 (3.6) 0.643
Waist circumference (cm) 79.9 (8.9) 80.4 (9.8) 0.143
systolic blood pressure (mmHg) 121 (17) 122 (18) 0.143
diastolic blood pressure (mmHg) 72 (12) 73 (13) 0.099
Trigyceride (mmol/l) 1.02 (0.12) 1.06 (0.21) 0.335
Hdl-cholesterol (mmol/l) 1.76 (0.39) 1.73 (0.39) 0.310
Fasting plasma glucose (mmol/l) 5.00 (0.56) 5.11 (1.00) 0.001
Current smoker (%) 9.0 13.5 0.001
data are presented as the means (standard deviations), otherwise they are presented as proportions.
Abbreviations: Hdl, High-density lipoprotein.
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the  hyperinsulinemic–euglycemic clamp is the  standard 
 technique that is used to measure insulin sensitivity, we used 
the F-IRI concentration as a surrogate measure of insulin 
resistance. Given that our subjects were participants in general 
health check-ups, it was impossible to perform such expen-
sive, invasive, and long-term examinations. F-IRI reflects 
hepatic insulin resistance; however, it has a 70% correlation 
with peripheral insulin resistance.31 Fourth, the questionnaire 
of physical activity, alcohol consumption, and smoking sta-
tus was based on self-reported data, it was customized, and 
it had had not been validated prior to the study. Fifth, our 
study is based on the health examination data regarding bio-
logical markers and lung function, which was obtained at a 
single time, and this might have led to the misclassification 
of individuals.
In conclusion, impaired lung function increased the risk 
of modified IDF-MetS independent of smoking and F-IRI 
concentrations in Japanese men, but not in women.
Acknowledgements
We thank Dr Naoyuki Kamatani, MD, PhD, a specialist in 
medical statistics at StaGen Co. Ltd., for his advice concern-
ing the statistical analyses used in the present manuscript. 
Author Contributions
Conceived and designed the experiments: TN. Analyzed the 
data: JO, TN, YY. Wrote the first draft of the manuscript: 
YY, JO. Contributed to the writing of the manuscript: YY, 
JO, TN. Agree with manuscript results and conclusions: YY, 
JO, TN, YU. Jointly developed the structure and arguments 
for the paper: YY, JO, TN, YU. Made critical revisions and 
approved final version: YY, JO, TN, YU. All authors reviewed 
and approved of the final manuscript.
DISCLOSURES AND ETHICS
As a requirement of publication the authors have provided signed confirmation of their 
compliance with ethical and legal obligations including but not limited to compliance 
with iCMJe authorship and competing interests guidelines, that the article is nei-
ther under consideration for publication nor published elsewhere, of their compliance 
with legal and ethical guidelines concerning human and animal research participants 
(if applicable), and that permission has been obtained for reproduction of any copy-
righted material. This article was subject to blind, independent, expert peer review. 
The reviewers reported no competing interests.
REFERENCES
 1. Klein BE, Klein R, Lee KE. Components of the metabolic syndrome and risk of 
cardiovascular disease and diabetes in Beaver Dam. Diabetes Care. 2002;25(10): 
1790–1794.
 2. Hanson RL, Imperatore G, Bennett PH, Knowler WC. Components of the “meta-
bolic syndrome” and incidence of type 2 diabetes. Diabetes. 2002;51(10):3120–3127.
 3. Ridker PM, Buring JE, Cook NR, Rifai N. C-reactive protein, the metabolic 
syndrome, and risk of incident cardiovascular events: an 8-year follow-up of 
14 719 initially healthy American women. Circulation. 2003;107(3):391–397.
 4. Tamakoshi K, Yatsuya H, Kondo T, et al. The metabolic syndrome is associated 
with elevated circulating C-reactive protein in healthy reference range, a systemic 
low-grade inflammatory state. Int J Obes Relat Metab Disord. 2003;27(4):443–449.
 5. Choi JH, Park S, Shin YH, Kim MY, Lee YJ. Sex differences in the relationship 
between metabolic syndrome and pulmonary function: the 2007 Korean National 
Health and Nutrition Examination Survey. Endocr J. 2011;58(6):459–465. 
 6. Yeh F, Dixon AE, Marion S, et al. Obesity in adults is associated with reduced 
lung function in metabolic syndrome and diabetes: the Strong Heart Study. 
 Diabetes Care. 2011;34(10):2306–2313.
 7. Grundy SM, Brewer HB, Cleeman JI, Smith SC, Lenfant C; American Heart 
Association; National Heart, Lung, and Blood Institute. Definition of meta-
bolic syndrome: Report of the National Heart, Lung, and Blood Institute/
American Heart Association conference on scientific issues related to definition. 
 Circulation. 2004;109(3):433–438. 
 8. Sasaki H, Nakamura M, Kida A, et al. [Report of the expert committee of the 
lung physiology of the Japanese Respiratory Society. Standard values for spiro-
gram and arterial blood gas analysis in Japanese]. Annals of the Japanese Respira-
tory Society. 2001;5:1–17. (In Japanese).
 9. Paek YJ, Jung KS, Hwang YI, Lee KS, Lee DR, Lee JU. Association between 
low pulmonary function and metabolic risk factors in Korean adults: the Korean 
National Health and Nutrition Survey. Metabolism. 2010;59(9):1300–1306. 
 10. Lin WY, Yao CA, Wang HC, Huang KC. Impaired lung function is associ-
ated with obesity and metabolic syndrome in adults. Obesity (Silver Spring). 
2006;14(9):1654–1661. 
 11. Nakajima K, Kubouchi Y, Muneyuki T, Ebata M, Eguchi S, Munakata H. 
A possible association between suspected restrictive pattern as assessed by ordi-
nary pulmonary function test and the metabolic syndrome. Chest. 2008;134(4): 
712–718. 
 12. Fimognari FL, Pasqualetti P, Moro L, et al. The association between metabolic 
syndrome and restrictive ventilatory dysfunction in older persons. J Gerontol 
A Biol Sci Med Sci. 2007;62(7):760–765. 
 13. Yeh HC, Punjabi NM, Wang NY, Pankow JS, Duncan BB, Brancati FL. Vital 
capacity as a predictor of incident type 2 diabetes: the Atherosclerosis Risk in 
Communities study. Diabetes Care. 2005;28(6):1472–1479. 
 14. Engström G, Wollmer P, Valind S, Hedblad B, Janzon L. Blood pressure 
increase between 55 and 68 years of age is inversely related to lung function: 
longitudinal results from the cohort study ‘Men born in 1914’. J Hypertens. 
2001;19(7):1203–1208.
 15. Friedman GD, Klatsky AL, Siegelaub AB. Lung function and risk of myocardial 
infarction and sudden cardiac death. N Engl J Med. 1976;294(20):1071–1075. 
 16. Mannino DM, Ford ES, Redd SC. Obstructive and restrictive lung disease and 
markers of inflammation: data from the Third National Health and Nutrition 
Examination. Am J Med. 2003;114(9):758–762. 
 17. Kony S, Zureik M, Driss F, Neukirch C, Leynaert B, Neukirch F. Association of 
bronchial hyperresponsiveness and lung function with C-reactive protein (CRP): 
a population based study. Thorax. 2004;59(10):892–896. 
 18. Lazarus R, Sparrow D, Weiss ST. Baseline ventilatory function predicts the 
development of higher levels of fasting insulin and fasting insulin resistance 
index: the Normative Aging Study. Eur Respir J. 1998;12(3):641–645. 
 19. Barker DJ, Godfrey KM, Fall C, Osmond C, Winter PD, Shaheen SO. Relation of 
birth weight and childhood respiratory infection to adult lung function and death 
from chronic obstructive airways disease. BMJ. 1991;303(6804):671–675. 
 20. Grundy SM, Cleeman JI, Daniels SR, et al; American Heart Association; National 
Heart, Lung, and Blood Institute. Diagnosis and management of the metabolic syn-
drome: an American Heart Association/National Heart, Lung, and Blood Institute 
Scientific Statement. Circulation. 2005;112(17):2735–2752.
 21. Leone N, Courbon D, Thomas F, et  al. Lung function impairment and meta-
bolic syndrome: the critical role of abdominal obesity. Am J Respir Crit Care Med. 
2009;179(6):509–516.
 22. Ingelsson E, Hulthe J, Lind L. Inflammatory markers in relation to insulin resis-
tance and the metabolic syndrome. Eur J Clin Invest. 2008;38(7):502–509. 
 23. Rutter MK, Meigs JB, Sullivan LM, D’Agostino RB Sr, Wilson PW. C-reactive 
protein, the metabolic syndrome, and prediction of cardiovascular events in the 
Framingham Offspring Study. Circulation. 2004;110(4):380–385.
 24. Sin DD, Man SF. Impaired lung function and serum leptin in men and women 
with normal body weight: a population based study. Thorax. 2003;58(8):695–698.
 25. Srikanthan P, Karlamangla AS. Relative muscle mass is inversely associated with 
insulin resistance and prediabetes. Findings from the third National Health and 
Nutrition Examination Survey. J Clin Endocrinol Metab. 2011;96(9):2898–2903. 
 26. Harik-Khan RI, Wise RA, Fleg JL. The effect of gender on the relationship between 
body fat distribution and lung function. J Clin Epidemiol. 2001;54(4):399–406. 
 27. Williams CM. Lipid metabolism in women. Proc Nutr Soc. 2004;63(1):153–160.
 28. Wajchenberg BL. Subcutaneous and visceral adipose tissue: their relation to the 
metabolic syndrome. Endocr Rev. 2000;21(6):697–738.
 29. Baldwin ED, Cournand A, Richards DW Jr. Pulmonary insufficiency; physiologi-
cal classification, clinical methods of analysis, standard values in normal subjects. 
Medicine (Baltimore). 1948;27(3):243–278.
 30. Berglund E, Birath G, Bjure J, et  al. Spirometric studies in normal subjects. I. 
Forced expirograms in subjects between 7 and 70 years of age. Acta Med Scand. 
1963;173:185–192. 
 31. Matsuda M, DeFronzo RA. Insulin sensitivity indices obtained from oral glucose 
tolerance testing: comparison with the euglycemic insulin clamp. Diabetes Care. 
1999;22(9):1462–1470.
